Polymerase chain reaction (PCR) with JB1 or REP consensus oligonucleotides and pulsed field gel electrophoresis (PFGE) were used to study genomic DNA extracted from 31 strains of enterococci. Eleven ATCC strains, representative of 11 species of Enterococcus, were initially tested by JB1-PCR, revealing that Enterococcus malodoratus and Enterococcus hirae presented identical banding patterns. Eight Enterococcus faecium isolates from Stanford University and 12 from São Paulo Hospital were studied by JB1-PCR, REP-PCR 1/2R and PFGE. Among the isolates from Stanford University, 5 genotypes were defined by JB1-PCR, 7 by REP-PCR 1/2R and 4 by PFGE. Among the isolates from São Paulo Hospital, 9 genotypes were identified by JB1-PCR, 6 by REP-PCR and 5 by PFGE. The three methods identified identical genotypes, but there was not complete agreement among them.
Introduction
The importance of enterococci in the etiology of hospital infections has been well documented in the literature (1) (2) (3) (4) (5) and knowledge of their epidemiology is fundamental for the implementation of control measures (6, 7) .
Typing of enterococci has been accomplished by protein analysis, biochemical profiles and antibiotic susceptibility (8, 9) . However, the lack of discriminatory power of such techniques has led researchers to develop alternative molecular-based methods (10, 11) .
Pulsed field gel electrophoresis (PFGE) is a molecular technique in which DNA molecules are digested by restriction enzymes (12, 13) , and the restriction fragment length polymorphism (RFLP) is used to discriminate bacterial strains (2, 14) . Although PFGE is considered the gold standard for Enterococcus typing (7, 11) , its use is limited because it is both time consuming and laborious (2) .
The polymerase chain reaction (PCR) is a simpler technique that gives results within a short period of time and at lower costs. By this methodology, different primer groups, homologous, aleatory or degenerated, are used to amplify regions of the DNA molecule. Band patterns are thus produced, permitting the grouping of similar strains and the differentiation of unrelated ones (15) (16) (17) (18) .
PCR studies undertaken to type microorganisms have demonstrated good discriminatory power when compared to PFGE (7, 17) .
Repetitive REP 1/2R sequences are extragenic units found in different regions of the DNA of bacterial species (19) . The amplification of the regions between these units produces a useful fingerprint to differentiate Enterococcus strains (20) . Besides REP 1/2R sequences, other repetitive sequences have been identified in the genome of several microorganisms and have been used in typing studies (7, 17, (21) (22) (23) (24) (25) . In the present study, PCR and PFGE were employed to study Enterococcus samples. Our goals were to test the applicability of the oligonucleotide primer 5ATTTTATGGCCGTCCGC3 to amplify genomic DNA of different species of Enterococcus and to type clinical Enterococcus faecium isolates.
Material and Methods

JB1 -Primer design
The sequence of primer 5GATTTTATG GCCGTCCGC3, called JB1 oligonucleotide primer in this study, was obtained from the intergenic space of the 16S/23S DNA gene of sequence AF028836 (position 331 to 348 (reverse)) entered by the authors in the Gen Bank database. Sequence AF028836 (703 base pairs) was obtained from a clinical isolate of Enterococcus faecium obtained in 1997. Alignment of this sequence with those from other enterococci stored in the Gen Bank DNA database showed polymorphism in the region between base pairs 331 and 348, where the JB1 sequence is located.
Bacterial samples
Genomic DNA from 11 species of enterococci from ATCC (E. (26) . DNA concentration and purity were determined with a Gen Quant spectrometer (Gen Quant, Pharmacia Biotech Inc., Uppsala, Sweden).
PCR protocols
JB1-PCR.
After reaction optimization, PCR with JB1 oligonucleotide primer was used to amplify 11 species of enterococci and 20 isolates of Enterococcus faecium. The reaction was carried out with 2.5 µl of 10X PCR buffer (Gibco-BRL, Gaithersburg, MD, USA), 2 µl of each of the 4 dNTPs, 1 µl of magnesium chloride, 100 pmol of the oligonucleotide, 1 IU of Taq DNA polymerase (Gibco-BRL), 100 ng of genomic DNA, and twice-distilled water in up to 25 µl. The amplification program consisted of an initial cycle of 8 min at 94 o C, followed by 30 cycles of 1 min at 94 o C, 1 min at 55 o C, 1 min at 72 o C, and one final cycle of 3 min at 72 o C. Electrophoresis was carried out on 1.2% agarose gel for 3 h at 80 volts. The amplified fragments stained with ethidium bromide were detected by ultraviolet light.
REP-PCR. The REP consensus oligonucleotides REP1R-5IIICGICGICATCIG GC3 and REP2-5ICGICTTATCIGGCC TAC3 (23) were used to amplify genomic DNA of 20 Enterococcus faecium isolates. The amplification reaction was carried out with 50 pmol of opposing primers, 100 ng of template DNA, 1.25 mM each of 4 dNTPs, 1 IU of Taq DNA polymerase (Gibco-BRL), buffer (200 mM Tris HCl, pH 8.4, 500 mM KCl), and 50 mM MgCl. The amplification cycle was performed as suggested by Versalovic et al. (23) . PCR products were separated by electrophoresis on 1.2% agarose gel for 3 h at 80 volts.
PFGE
Genomic DNA was extracted from 20 isolates of Enterococcus faecium, embedded in blocks of 2% low melting agarose gel (27) . DNA was digested with the SmaI enzyme (Promega Corp., Madison, WI, USA) according to manufacturer recommendations. Electrophoresis of digested fragments was carried out using a Chef Dry II apparatus (Bio-Rad Laboratories, Richmond, CA, USA) and 1% agarose gel in 0.5X TBEbuffer (45 mM Tris, 45 mM boric acid, and 1 mM EDTA). In electrophoresis the initial and final switch time was 5 and 20 s, respectively, at 200 volts for 21 h, at 4 o C. PFGE patterns were interpreted by comparing the polymorphism of the bands stained with ethidium bromide. The number of bands was determined for each sample and PFGE patterns were compared visually.
Criteria used to analyze similarity among strains
The similarity among the banding patterns produced by PCR was determined visually by comparing the molecular weight of the fragments. Banding patterns were considered to be identical if they had an identical number of fragments of the same molecular weight. In the case of PFGE, restriction patterns were considered similar or identical when they had a maximum of 2 fragments of different molecular weight.
Results
Results of PCR electrophoresis with the JB1 oligonucleotide primer used to amplify genomic DNA of 11 species of enterococci are shown in Figure 1 . Identical profiles were noted in samples of E. malodoratus and E. hirae (lanes 4 and 5) .
Results Figure 3 . Grouping of these strains (Table 1) identified 10 profiles by JB1-PCR, 6 by REP-PCR and 5 by PFGE. Similar to what occurred with E. faecium isolates from Stanford University, no agreement was found among the three techniques for grouping identical genotypes. Strains run on lanes 6 and 7 were considered identical when JB1-PCR was used, but grouping was not confirmed by REP-PCR or PFGE.
In this study, the banding patterns obtained by PFGE were easier to interpret than those obtained by PCR. 
Discussion
In the present study, PCR with JB1 oligonucleotide amplified all ATCC strains of enterococci showing weak and strong bands. If we take into account that the amplification reaction was carried out at high annealing temperature, no random amplification occurred. The presence of strong and weak bands in the amplified products from some species may be due to a higher or lower extent of annealing between primers and target DNA.
Genetic diversity among Enterococcus faecium isolates from Stanford University Hospital and São Paulo Hospital was demonstrated by PCR and PFGE, a fact probably due to the absence of an outbreak during the collection period. A few identical genotypes were grouped by PCR and PFGE. However, strains with identical profiles were not identified simultaneously by the three techniques used. Malathum et al. (17) compared PCR and PFGE techniques for Enterococcus typing and did not find statistically significant differences in the discriminatory power of the two methodologies. Tenover (28) suggested a system to standardize the interpretation of PFGE patterns and to determine the relationship between strains. They suggested that 2 or more strains should be regarded as identical or closely related when a maximum of 3 bands of different molecular weights are observed. In the present study, PFGE tended to detect fewer genotypes of Enterococcus strains in comparison to PCR. This may have been consequent to the criteria used for interpretation. While by the PFGE technique 2 or more isolates could be considered identical even though they had up to 2 fragments of different molecular weight, isolates had to have exactly the same profile by PCR in order to be regarded as identical. Due to the restricted number of isolates, statistical analysis could not be applied.
Molecular techniques used to type bacterial strains differ in terms of discriminatory power, reproducibility, standardization, cost, ease of development and interpretation (23, 28 
